Background: To examine changes in hair cortisol concentrations (HCC) in children with chronic physical illness and identify patterns of association between HCC and mental comorbidity. Methods: A sample of 50 children aged 6 to 16 years were recruited within six months of being diagnosed with a chronic physical illness. Data were collected via hair samples, structured interviews, and behavioral checklists.
Introduction
Mental disorder is common among children with a chronic physical illness (CPI), with reports suggesting 35% to 60% of children affected. 1, 2 The occurrence of mental disorder in children with CPI is concerning, as this form of multimorbidity has been shown to negatively impact child mortality/morbidity and psychosocial and health management outcomes. [3] [4] [5] As a result, research aimed at understanding mechanisms of physical-mental comorbidity and identifying at-risk children is critical to ensure optimal outcomes for children. 6 Identifying these vulnerable children requires exploration of the link between physical and mental illness, including psychosocial and biological outcomes. 7 Research surrounding the human stress response, particularly as it relates to chronic levels of cortisol, is an emerging area of investigation in this population of children.
Cortisol, a human glucocorticoid hormone, is released by the hypothalamic-pituitary-adrenal (HPA) axis in response to stressors. 8 Traditionally, cortisol levels measured in blood, saliva, and urine have been used to study the stress responses. 9 However, cortisol extracted from these biological specimens provide transient measures of physiological stress, limiting their utility in understanding chronic physiological stress in children with long-term physical and mental illnesses. 9 Hair cortisol concentration (HCC) has recently been identified as a potentially valuable biomarker for chronic physiological stress, averaging daily fluctuations in circulating cortisol levels. [10] [11] [12] [13] Hair sampling represents a noninvasive method to measure chronic physiological stress and reduces the impact of individual and contextual differences associated with circulating cortisol. 14, 15 Current research using HCC in children has explored stress resulting from maltreatment, 9, 16 childcare arrangements, 17 posttraumatic stress disorder, 18 and externalizing disorders. 19 Similar to findings from previous research using salivary cortisol, 20 lower HCC was found to be associated with symptom severity in preschool boys with attention-deficit hyperactivity disorder (ADHD). 21 Associations were more pronounced in children experiencing family adversity, and it was suggested that lower HCC may reflect HPA dysregulation due to compounding adversities in boys. 21 Having a CPI in childhood is considered a type of childhood adversity 7 that can negatively impact children and families. [22] [23] [24] [25] [26] [27] It is therefore not uncommon for children diagnosed with CPIs to experience higher rates of mental disorder. 28, 29 However, little is known about the underlying physiological links between physical and mental illness. It is plausible that HPA axis dysregulation may play a role in the pathogenesis of mental disorder in children with CPI and thus necessitating research to explore these specific relationships. 30 Although research using hair cortisol is relatively new, studies using salivary cortisol have suggested that the physiological patterns of HPA axis dysregulation underlying internalizing and externalizing mental disorders may differ. 31 Lower basal levels of salivary cortisol have been found to correlate with externalizing disorders, 32 while higher basal levels with internalizing disorders. 31 Children with CPI are at increased risk of both internalizing and externalizing disorders. 33 Examining patterns of HCC in this population may provide valuable insight into the differential effects of HPA axis dysregulation on their pathogenesis. It has been suggested that HCC could provide a useful biomarker to identify individuals who are at risk for adverse psychiatric outcomes following exposure to stressors. 34 Emerging research shows the utility of basal HCC in predicting stress-related disorder symptomology, but results are mixed-some finding positive associations, 35 whereas others finding inverse associations. 18, 36 The current study aims to expand the knowledge base by exploring whether HCC following the diagnosis of a CPI is associated with current and future mental disorder in children. Although stress and inflammatory markers are naturally elevated in children with CPI, patterns of HCC in this group of vulnerable children remain largely unknown, and to the best of our knowledge, no prior studies have examined the extent to which HCC may be associated with mental disorder in this population. Findings may provide evidence for the etiological processes surrounding cooccurring CPI and mental disorder as well as determine if HCC may serve as a predictor of mental disorder in these children.
The objectives of this study were to examine changes in HCC over a six-month follow-up in children newly diagnosed with a CPI and to quantify the extent to which HCC was associated with mental disorder at diagnosis (baseline) and six months later. Given that HCC is already elevated in children with CPI, we do not expect associations typically observed between HCC and mental disorder in children without CPI.
Methods Sample
Details of this study have been described previously. 1 Briefly, data come from a prospective pilot study assessing the mental health of children aged 6 to 16 years newly diagnosed with one of five CPIs (asthma, diabetes, epilepsy, food allergy, or juvenile arthritis) recruited from two pediatric hospitals. Children were ineligible if their illness duration was >6 months, they had a degenerative neurological disorder, or their parents could not read English. Parents completed telephone interviews and mailed surveys at baseline and six months. Health professionals identified 62 eligible children, and 50 (83%) participated in the study. Six (12%) were lost to attrition. Parents and children provided informed consent/assent. Ethical approval was granted from the Hamilton Integrated Research Ethics Board and Western Research Ethics Board.
Data Collection and Hair Processing
Parents were provided with detailed written instructions for collecting hair samples. Approximately 50 to 60 strands of hair were cut as close to the scalp as possible from the posterior vertex of the head, an area shown to have high cortisol concentration and low interindividual variability. 13 Parents used a paper clip to secure the hair sample to a piece of folded cardstock and indicated the end closest to the scalp. The sample was then placed in a sealed plastic bag and returned to investigators via mail with the study survey. Along with hair samples, parents reported on factors hypothesized to affect HCC: current medications, 37 household smoke exposure, 38 chemical treatments, 12 and other relevant information. Hair samples were obtained at the baseline and six-month assessments. Hair typically grows at a rate of approximately 1 cm per month 39 ; therefore, the 3 cm samples collected reflect the three months prior to the date of data collection. Previous research has found no significant differences in the measurement of HCC between samples collected by participants at home compared to samples collected in clinic. 40 Hair samples were processed using a standardized protocol for hair washes, steroid extraction, and cortisol assays. The first 3 cm of each hair sample (proximal to the scalp) was cut with scissors and placed into a Falcon 50 mL Conical Centrifuge Tube. Hair samples were washed twice with 12 mL of isopropanol. Samples were shaken for 2 min by hand, and the isopropanol was discarded. Tubes were left open to air dry over 48 h to ensure complete evaporation of the isopropanol. Dried samples were placed in a grinding jar with four stainless steel ball bearings and pulverized using the Retsch CryoMill at 25 Hz for 3 min. Next, 30 to 35 mg of ground hair powder was measured and transferred to a 2 mL Eppendorf tube, where 1 mL of 100% ethanol was added before it was shaken by hand and rotated at 45 r/min on the RPI Mix-All Laboratory Tube Mixer for 24 to 72 h at room temperature. Samples were then vortexed for 5 s and centrifuged at 2800 r/min for 15 min after which 0.8 mL of supernatant was aliquoted into a new 2 mL Eppendorf tube (supernatant tube). The supernatant was left to air dry for 48 h to ensure complete evaporation of the ethanol. Another 1 mL of 100% ethanol was added to the sample tube, and it was rotated at 45 r/min on the RPI Mix-All Laboratory Tube Mixer for 24 to 72 h at room temperature. Samples were vortexed for 5 s and centrifuged at 2800 r/min for 15 min. During this final extraction stage, 1 mL of the supernatant was aliquoted into the supernatant tube, and it was left to air dry for 48 h. The supernatant was reconstituted with 150 mL of Salimetrics Salivary Cortisol Assay Diluent, vortexed for 5 s, and centrifuged for 10 min. Samples were then assayed in duplicate by ELISA using the High Sensitivity Salivary Cortisol Immunoassay Kit (Cat# 1-3002, Salimetrics, USA), as per manufacturer instructions. Cortisol levels are expressed as pg/mg hair. Intra-and interassay coefficients of variance were below 10% in this study.
Study Measures
Mental Disorder. The Mini International Neuropsychiatric Interview for Children and Adolescents (MINI-KID), a structured diagnostic interview was used to assess current mental disorder according to the DSM-IV in children aged 6 to 17 years. 41 The most common mental disorders affecting children were measured 42, 43 : major depressive disorder, separation anxiety disorder, social or specific phobia, generalized anxiety disorder (internalizing), ADHD, oppositional defiant disorder, and conduct disorder (externalizing). The MINI-KID has a high degree of sensitivity (0.61-1.00) and specificity (0.73-1.00) for measuring mental disorder in children. 44, 45 Psychiatric Symptoms. The Ontario Child Health Study Emotional Behavioural Scales (OCHS-EBS) is a self-administered checklist used to assess symptoms of mental disorder over the past six months in children aged 4 to 17 years. 46, 47 Items are scored 0, 1, or 2, indicating responses of ''never or not true,'' ''sometimes or somewhat true,'' and ''often or very true,'' respectively. The raw scores are summed to calculate a scale score for each disorder as well as total severity score and scores for internalizing and externalizing disorders. The OCHS-EBS demonstrates robust psychometric properties 46, 47 and internal consistencies ranged from a ¼ 0.79 to 0.91 in this study.
Sociodemographic Characteristics. Parents provided information regarding age and sex (parent and child), relationship status, educational attainment, and household income.
Analysis
McNemar and paired t-tests compared changes in the proportion of mental disorder and mean psychiatric symptom scores over time, respectively. The Wilcoxon test compared HCC from baseline to six months and correlation between the assessments using Spearman rank correlation. The Kruskal-Wallis test examined differences in HCC across the different CPI. Logistic regression calculated odds ratios (ORs) and associated confidence intervals for the association between HCC and mental disorder as measured using the MINI-KID. Separate models for the presence of any DSM-IV mental disorder, internalizing disorder, and externalizing disorder were computed. Due to low cell counts, logistic models were not computed for individual mental disorders; instead, linear regression was used to examine associations between HCC and psychiatric symptoms measured using the OCHS-EBS. Models quantified the following associations: baseline HCC and mental disorder; baseline HCC and six-month mental disorder; and six-month HCC and mental disorder. All models adjusted for child age, sex, type of CPI, and use of corticosteroids. Although our data showed no difference in HCC between children who used corticosteroids, analyses were also conducted with these children excluded (n ¼ 14). Inferences remained consistent and thus these children were retained in the analyses presented. Given the pilot nature of the data and relatively small sample size, type I error was a ¼ 0.10 a priori. 1 Data were analyzed using SAS 9.4.
Results
Hair samples were provided by 42 (84%) children at baseline and 41 (82%) at six months. Although the reasons for not providing a hair sample were unknown, there were no significant sociodemographic or health-related differences between children who did and did not provide a sample. The mean age of children was 11.6 (3.0) years and approximately half (47%) were male. Asthma was the most common CPI (28%), followed by juvenile arthritis (21%), diabetes (19%), epilepsy (14%), and food allergy (14%). Medication use was reported by 93% of the sample at baseline and 83% at follow-up. Specifically, corticosteroids were used by 19% and 9% of the sample at baseline and follow-up. Sixty percent of the sample screened positive for any mental disorder, this number declined to 44% at six months (p ¼ 0.092). A similar decline was seen for internalizing (55% vs. 30%; p ¼ 0.096), but not externalizing disorders (20% vs. 16%; p ¼ 0.625).
The mean age of parents was 44.1 (5.8) years and most were female (91%). Eighty percent had completed postsecondary education, 79% had a partner (married or common-law), and 68% had annual household incomes !$75,000 (median household income from 2016 Canadian Census). Nearly one-quarter (23%) of parents were immigrants.
HCC and CPI
HCC was relatively consistent from baseline to six months (7.63 (6.48) vs. 7.79 (6.96); Z ¼ À0.23, p ¼ 0.820) and the correlation between assessments was moderate in magnitude (r ¼ 0.47; p ¼ 0.003). As shown in Figure 1 , there was no evidence to suggest that HCC differed across CPIs at baseline ( 2 ¼ 5.00; p ¼ 0.287) or six months ( 2 ¼ 2.60; p ¼ 0.628). On average, children washed their hair 3.8 (1.9) times per week, 26% had a hair treatment (e.g., coloring), and 26% lived with a smoker. None of these factors, nor age or sex, correlated with HCC.
HCC and Mental Disorder
HCC was not significantly associated with the presence of any mental disorder at baseline or six months (OR ranging from 1.21 to 1.27) in the adjusted analyses (Table 1) . Baseline HCC was associated with having an internalizing disorder at baseline-OR ¼ 1.29 (90% confidence interval (CI): 1.01-1.66). No associations were found between baseline and six-month HCC with six-month internalizing disorders. Significant associations were found for externalizing disorders at baseline-OR ¼ 1.32 (90% CI: 1.07-1.64)-and six months-OR ¼ 1.25 (90% CI: 1.02-1.54).
HCC and Psychiatric Symptoms
As shown in Table 2 , models of HCC and psychiatric symptoms as measured using the OCHS-EBS were aligned with those that examined mental disorder. No associations were found for HCC and total symptoms. HCC and internalizing symptoms were significantly associated at baseline (b ¼ 0.32, p ¼ 0.027), but not at six months (b ¼ À0. 10 
Discussion
In this pilot study examining mental disorder in children newly diagnosed with a CPI, findings showed that baseline and six-month HCC were moderately correlated, and there were no differences in HCC across different CPIs. Findings also showed that HCC was positively associated with reports of internalizing and externalizing disorders at baseline, but only with externalizing disorders at six months. In contrast to the findings from this study, meta-analyses have found an inverse association between cortisol levels and externalizing disorder in children, 31, 32 including ADHD. 20, 21 This discrepancy may be attributable to the timing of the effects under study. The experience of high levels of stress over long periods of time (i.e., allostatic load) may lead to a down regulation of the HPA axis and lower cortisol levels-hypoactivity 48 which is positively associated with time since the onset of the stressor. 8, 34 The diagnosis of a CPI in childhood is often considered a traumatic event/stressor 7 ; however, given that this was an incident study of newly diagnosed CPI with a relatively short follow-up, it is possible that the children in this sample were still in a state of cortisol hyperactivity and the hypoactive response had not yet initiated. 8 As a result, reported symptoms of externalizing disorder were higher in children with elevated HCC.
There was no evidence from our study that CPI affects the association between HCC and mental disorder in children-findings are consistent with a previous study of preschoolers which showed that increased salivary cortisol reactivity correlated with increased HCC and externalizing disorders. 19 This suggests that HCC captures patterns of HPA axis dysregulation resulting from increased cortisol reactivity and that this dysregulation contributes to the etiology of externalizing disorders. Dysregulation may also mediate the relationship between CPI and the development of mental disorder. Long-term studies are needed to determine if this declining trend is consistent with an attenuated response.
It is unlikely that the source of cortisol (saliva, urine, blood, hair) underlie differences in the nature of the associations between cortisol level and externalizing disorders found in this study relative to previous reports. Past studies linking HCC and externalizing disorders found lower HCC to be associated with externalizing disorders 16, 21, 49 ; however, the cross-sectional nature of previous research is unable to examine how cortisol levels change in response to a stressor.
Our study was not designed to comprehensively examine whether HPA axis dysregulation manifests differently for internalizing versus externalizing disorders. However, our findings suggested some consistency in the association between HCC and internalizing and externalizing disorders in children with CPI. Specifically, we found positive associations between HCC and mental disorder at baseline, the magnitude of which decreased over time.
Although it is unclear whether children with CPI demonstrate an attenuated response (transitioning from a state of hyper-to hypoactivity), findings from the current study provide preliminary evidence to this effect. Associations between HCC and all psychiatric symptoms and disorders declined from baseline to six months. Specifically, estimates of association changed from positive to negative at six months for internalizing disorders, suggesting lower HCC were associated with elevated symptoms of depression, separation anxiety, and phobia, albeit, not significantly at six months. Our finding of increased odds of internalizing disorders among children with elevated HCC was consistent with a previous study showing that children with separation anxiety have increased cortisol secretion compared to healthy controls. 50 In addition, evidence suggests that children with anxiety disorders often experience exacerbated stress, worrying, and tension, which can lead to a dysregulated HPA axis over time as posited by an attenuated response. 51 The prospective design of the current study and our finding that the association between HCC and mental disorder/symptoms declined over time is an incremental step in providing evidence for the tenability of the attenuated hypothesis in children with CPI. Divergent directions and magnitudes of association between HCC and internalizing and externalizing disorders suggest the need to examine these outcomes independently.
Our findings must be considered in the context of the following limitations. First, the small sample size prevented examination of condition-specific associations between HCC and mental disorder. This challenge was mitigated by examining psychiatric symptoms on a continuous scale using the OCHS-EBS. Likewise, associations within each CPI could not be examined. Instead, the validated noncategorical approach was adopted. 52 This was appropriate given that HCC was not significantly different across the types of CPI and that physical illness was adjusted for in our analytic models. In a related vein, information on the manifestation of mental disorder prior to the diagnosis of the CPI was not collected. Second, the relatively short follow-up period and lack of a control group in this pilot study prevented the investigation of long-term effects and whether the nature of these associations remained consistent over time. Likewise, investigation of the potential for HCC to mediate the effect of CPI on mental disorder was not possible. Although evidence in child populations is lacking, CPI is associated with HPA axis dysregulation. [53] [54] [55] [56] Evidence also suggests that there are both biological 57, 58 and psychosocial mechanisms 26, 59 that link CPI and mental disorder. The extent to which HCC mediates the association between CPI and mental disorder is unknown. Third, the composition of our sample likely overestimated two-parent, high-socioeconomic status families, and losses to follow-up may have introduced attrition bias potentially limiting the generalizability of the findings. Fourth, body mass index was not assessed and could not be included in statistical models. Although past research in adult populations has found positive associations between HCC and body mass index, 60 no such findings have been reported in child populations. 21 Fifth, the use of pharmacological or psychological treatments for the mental health of children were not measured and the extent to which such treatment may have influenced the decline in children screening positive for mental disorder over time could not be ascertained.
To our knowledge, this study was the first to explore patterns of HCC in children with CPI and investigate whether HCC is associated with psychiatric outcomes. Elevated HCC levels at diagnosis were associated with symptoms of externalizing disorders at diagnosis and six months and with internalizing disorders at diagnosis only. Our findings provide preliminary evidence in support of an attenuated response and some insight into HPA axis dysregulation that may contribute to the development of mental disorder in children with CPI. Further research with larger samples and longer follow-ups are needed to advance this research agenda.
